Slowcooled stallion spermatozoa, with and without seminal plasma removed by centrifugation, were diluted in Kenney's extender @) contajnjng nonfat dry skim milk with glucose and antibiotics or in KE supplemented by adding a modified high-potassium Tycode's medium 0. Four ejaculates from each of four stallions were collected and divided factorially across these four treatments. Percentage of motile sperm, path velocity, and linearity immediately after treatment (0 h) and after storage at 4'C for 24,48, and 72 h were evaluated objectively by use of a HTM-2030 sperm motility analyzer. Stallions were a significant source of variation (P < .01) throughout. After sperm had cooled, effects of stallion, extender, centrifugation, and thek interactions were all found to be significant (P c .01). The motility at 0, 24,48, and 72 h for centrifuged KE was 74, 47, 39, and 24%; for uncentrifuged KE was 76,56,50, and 37%; for centrifuged KMT was 76,75,72, and 64%; and for uncentrifuged KMT was 80, 50, 26, and 13%, respectively. The extender x centrifugation interaction, after 24.48, and 72 h of storage, accounted for half or more of the variation. Whereas centrifugation of semen extended in KE seemed to be harmful to sperm, motility of sperm extended in KMT after centrifugation was remarkably consenred for 72 h and was superior to all other treatments (P c .05). This extender is promising for preserving liquid stallion semen when it must be transported before use in artificial insemination.
1979), liquid semen often is used (Vamer et al., 1989).
A commonly used semen preservative is a powdered skim milk-glucose+antibiotic extender (Kenney et al., 1975) . Motility 
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but also sperm survival could be affected by the balance of ingredients used to replace the seminal fluids.
The objective of this study was to investigate the effects of two extenders, with seminal plasma and with most seminal plasma removed by centrifugation, on motion characteristics of cooled stallion sperm.
Materials and Methods
Extender Preparation. The two extenders used were prepared fresh before each semen collection. They consisted of 1) Kenney's extender WE): glucose, 4.9 g; non-fat dry skim milk, 2.4 g; Na penicillin, 1.5 x 1 6 units; streptomycin, 150 mg; and deionized water to 100 ml , and 2) Kenney's extender supplemented with a modified high-potassium Tyrade's medium (KMT): 65% KE extender and 35% (vol/vol) of modified Tyrode's medium (NaC1, 420 mg; KCl, 187 mg; NaHCO3.210 mg; NaH2PO4,5 mg; Na lactate syrup, WO, .310 ml , CaCl2,29 mg; MgCl2, 8 mg; HEPES, 238 mg; Na pyruvate, 11 mg; bovine serum albumin, 600 mg; and deionized water to 100 ml). Osmotic pressure and pH for KE and KMT extenders were 330 and 315 mOsm/kg and 6.8 and 7.2, respectively. Sperm Preparation. Extragonadal sperm reserves of the stallions were stabilized by five daily semen collections before the onset of the experiment. Four semen ejaculates were then collected by artificial vagina at intervals of 48 h from each of four mature stallions in good body condition. Immediately after each collection, gelatinous material and extraneous debris were removed by aspiration with a 60-ml syringe followed by straining through a milk filtd. Semen samples were kept at 37'C. Initial sperm concentration was measured with a densimetep calibrated against a Coulter Countes. Gel-free ejaculates were split and several milliliters were extended to 50 x 106 sperm/ml in KE and KMT warmed to 37'C.
H a l f of each extended semen sample was centrifuged at 350 g for 5 min in 50-ml conical polypropylene centrifuge tubes. The supernatant was removed by aspiration 3Premium milkfilter, Agway Inc., Syracuse, NY.
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Reproduction systems, chino, CA. 5 c~~t a counter, ~ial-FL. 6Hamilton-Thorn Research, Daovers, MA. and the sperm concentration after resuspension was checked to contain approximately 50 x 106 sperm/ml in its corresponding extender. This method of centrifugation of semen after adding extender minimized residual seminal plasma following resuspension. All processed semen was aliquoted into 3.5-ml plastic tubes, covered with color-coded caps, and cooled slowly to 4'C. Cooling was done by placing the sealed tubes into a partly covered Styrofoam box filled with 600 ml of 30'C water and putting the box in a 4'C cold-room.
The initial cooling rate was approximately -.3c'/min. Semen wled to YC in 3 h and was at 4'C in approximately 10 h.
Evaluation of Sperm. Sperm were evaluated after initial extension before cooling (0 h) and 24,48, and 72 h after collection and storage at 4'C. Subsamples of sperm were &valuated for the percentage of motile sperm (MOT), path velocity (VEL), and linearity &IN) using a HTM-2030 sperm motility analyze@ equipped with negative phase-contrast illumination. Samples were warmed to 37°C for 10 min, diluted to 25 x 106 sperm/& in their corresponding extender, and thoroughly mixed before evaluation. All samples were of sufficient optical quality to be evaluated using this system. For each sample, a 5-pl drop of sprm suspension was placed on one prewarmed Makler chamber and covered with a gridless coverslip. A minimum of six fields and 250 sperm cells were analyzed per chamber. Settings for the HTM-2030 were as follows: frames acquired, 20; acquisition rate, 30 frame&; specimen dilution, none; layer thickness, 10 pn; temperature, 37'C; critical path velocity, 100; critical linear index, 75; slow cells motile, no; slow-velocity gate, 20; minimal contrast, 9; minimal size, 7; low-size gate, .5; high-size gate, 4; low-intensity gate, S; high-intensity gate, 4; default pixel count, 10; and default intensity, 125.
Statistical Analysis. Data obtained with the 4 x 2 x 2 (stallion, extender, centrifugation treatment) factorial plan were subjected to ANOVA, the four ejaculates within stallions considered as replicates. Extender and centrifugation treatment were fixed effects, stallions were considered random, and each time period was analyzed separately. Data expressed as percentages were analyzed after arcsin transformation. Differences among means were tested for statistical significance using t-tests; P < .05 was chosen as an indication of 
Results
Results of the ANOVA for MOT are presented in Table 1 . Similar patterns were found in the statistical analyses for VEL and LIN and are not included. Stallions were the major source of variation immediately after treatment (0 h). As expected, stallions remained a significant s o u~c e of variation throughout all sampling times for all characteristics of sperm motility. After 0 h, extender and centrifugation had some effect, as did the inbractions of stallion x extender and stallion x centrifugation. Most remarkable was the significant extender x centrifugation interaction at 24, 48, and 72 h, which usually accounted for about half or more of the variation. Because of this interaction, further analyses were performed separately on extender and centrifugation treatment to test their effects independent of the interaction.
The effects of extender and centrifugation on MOT are presented in Table 2 . Without centrifugation, MOT after 48 and 72 h was greater in ejaculates extended in KE than in ejaculates extended in KMT, but the cmbination of centrifugation and KMT was superior to other treatments in preserving MOT.
Mean VEL and mean LIN of sperm extended with and without centrifugation are This treatment was superior to all others in preserving MOT and enhancing VEL. In addition, this treatment was successful in maintaining motility of sperm from one stallion that consistently produced semen that had low sperm motility after cooling and storage in any of the other treatments.
In most studies, with uncentrifuged semen, the effect of seminal plasma Concentration on sperm motility and viability is confounded by the concentration of ingredients in the extender. The highly significant extender x centrifugation interaction detected in this study supports this observation. Seminal plasma was deleterious to sperm extended in Kh4T. and its removal had a markedly beneficial effect. The reverse was true to a lesser extent for sperm extended in KE. This interaction offers potential insight into the possible role of seminal plasma in the maintenance of sperm viability. Pickett et al. (1975) reported that either very high or very low concentrations of seminal plasma were detrimental to motility; the optimal concentration was 20% for semen samples extended in a powdered skim milk extender after centrifugation. Semen dilution, which also results in dilution of seminal plasma, has also been shown to have beneficial effects on sperm viability. Pickett et al. (1975) recommended a dilution of fresh semen with extender in the range from 1:4 to 1:8, and Vamer et al. (1987) recommended a dilution to 25 x 106 spedml, based on initial sperm concentration. Changes in the ratio of whole semen to extender or removal of most of the seminal plasma by centrifugation affects the concentration of seminal plasma constituents in the fiial extended semen. In the present experiment there was either a harmful or a beneficial effect of seminal plasma depending on the composition of extender used. Whether this effect was due to removal or dilution of harmful components on the one hand or to insufficient or unbalanced essential metabolites on the other is not clear.
Although this experiment was not designed to study the effects of electrolytes on sperm motility patterns, it seems that these are important in extender formulation. Nishikawa (1959) suggested that Na+ and C1-ions were the main factors influencing the harmful action of seminal plasma. Vamer et al. (1987) found that sperm motility after prolonged in vitro storage was maintained better in the spermrich fraction of stallion ejaculates compared with whole ejaculates. Interestingly, this fraction is much lower in sodium chloride than other stallion ejaculate fractions (Mann, 1975) . Bize and Driscoll (1988) reported that replacing either sodium chloride or choline chloride in a semisynthetic medium with sucrose resulted in a marked improvement in maintaining progressive motility of stallion sperm stored at mom temperature.
Potassium, another electrolyte in seminal plasma, has been found to be impoxtant in regulating sperm function in other species (Rogers et al., 1981; Babcock et al., 1983;  Fraser, 1983; Roblero et aL, 1988). The approximate millimolar amounts of sodium and potassium found in stallion seminal plasma, KE, KhdT, and 1:4 dilutions of seminal plasma with both extenders are shown in Table 3 . Removal of seminal plasma by centrifugation may have removed harmful seminal plasma components and resuspension of sperm in KMT may have supplied a balance of essential metabolites favorable to sperm survival. With seminal plasma, dilution in KJ3 may have lessened any harmful effects of seminal plasma without totally removing bene ficial components, whereas dilution with KMT could have added components to the remaining seminal plasma, producing a detrimental excess or imbalance. The striking effects of extender on K+ concentration, illustrated in Table 3 , point to the desirability of considering the concentration of important electrolytes in formulating extenders with complex natural materials such as skim milk
lrnpllcatlons
The skim milk extender with added potassium and other ions tested in this study preserved the motility of centrifuged stalkion sperm remarkably well for 72 h, indicating that it may be useful for storing unfrozen stallion sperm prepared when artificial insemination is practiced. Also, there was no change in sperm motility during 24 h of storage in Kenney's extender supplemented with a high-potassium Tyrode's medium, indicating that the simple system of handling described could be useful for preserving semen for shipment.
